Differential reactivity of thiophene-2-carboxylic and thiophene-3-carboxylic acids: Results from DFT and Hartree-Fock theory.
In the course of investigating the propensity of aromatic acids to react with selected nucleophiles, we came across an interesting difference in yields for two structurally similar thiophene carboxylic acids. Given that these yields were consistent across more than 40 repetitions for each structure, we felt that the difference was real, and worth exploration. To extract the potential steric and electronic origins of such differences, we employed both DFT B3LYP/6-31G* and HF/6-311+G** levels of theory to evaluate structures and energetics. Two somewhat different pictures emerge of the origin of the differences between the carboxylic acids and their individual conformations. In particular, Hartree-Fock calculations with the larger 6-311+G** basis set, which includes multiple diffuse functions, show a profound difference in the delocalization of the LUMO, relative to the DFT method which, expectedly, provides a more localized picture of the contributions to the LUMO. For each of the conformers, the molecular electrostatic potential and the ionization potential (ESP and IP, respectively), together with charge distributions, dipole moments and orbital energies have been explored. A potential explanation for the somewhat more reactive character of the thiophene-2-carboxylic acid appears to arise from the presence of a conformer which has an internal hydrogen bond to the thiophene sulfur, which, in turn, polarizes the acid function significantly relative to other conformers, and optimizes the angle of attack of the nucleophile.